Introduction
On the basis of heavy mineral and sedimentological data, several palaeogeographical reconstructions for Cretaceous±Tertiary times have been proposed for the Rhenodanubian¯y-sch zone (RDFZ) of the Eastern Alps (e.g. Hesse, 1973; Frisch, 1979; Egger, 1995; Oberhauser, 1995) . Modern provenance studies use zircon ®ssion-track (FT) geochronology as a powerful tool to de®ne the thermotectonic evolution and exhumation of the source area of the sediments (Brandon, 1992) . Zircon FT ages re¯ect the thermal processes of the upper 8 km during exhumation, owing to a closure temperature of 240 50°C (Hurford, 1986 ). The comparison of zircon ages of ancient sedimentary units with those of actually exposed rocks in possible source areas provides information about the provenance and elucidates the palaeogeography.
The aim of the present study is to demonstrate that zircon FT studies provide excellent clues for unravelling the provenance and palaeogeography of¯ysch basins in a case study of the Eastalpine 1 RDFZ.
Geological setting
The RDFZ forms a narrow zone along the northern front of the Eastern Alps and is overthrust onto the Molasse basin and the Bohemian massif (BM) belonging to stable Europe (Fig. 1) . Parts of the Austroalpine nappe stack of the Eastern Alps and the BM consist of amphibolite-facies metamorphic rocks and late Palaeozoic granitoids. Both areas were aected by the Variscan orogeny, postCarboniferous unroo®ng (Hejl et al., 1997) and Permian±Jurassic thermotectonic processes resulting from the disintegration of Pangaea (Ziegler, 1988) . Only the Austroalpine units of the Eastern Alps were involved in the Eoalpine orogeny which was followed by cooling in Cretaceous times (Fig. 2a,b; Frank et al., 1987; Hoinkes et al., 1999; ThoÈ ni, 1999) . Finally, the Alps were involved in Tertiary collision of the Adriatic plate with the European foreland by closure of the Penninic ocean. During subduction and collision, the Rhenodanubian ysch (RDF) became accreted. According to the palaeogeographic position of the RDFZ between the Austroalpine zone and the BM, these two realms have been proposed as source areas for the¯ysch deposits (e.g. Oberhauser, 1995) .
The Penninic RDFZ represents an Early Cretaceous to early/middle Eocene turbiditic sequence (Egger, 1992; Schnabel, 1992) (Fig. 2c) . The Ybbsitz klippen zone (YKZ) was part of the Penninic oceanic basement (Schnabel, 1992) and consists of Jurassic ophiolites and a Cretaceous sequence similar to the RDF (Ruttner and Schnabel, 1988; Decker, 1990; Schnabel, 1992) .
The RDFZ is strongly sliced and tectonically disrupted. The Main Flysch nappe stretches over 500 km from the Rhine to the Danube river. For instance, at the eastern termination (Wienerwald) the RDFZ is subdivided into three nappes (Fig. 2a) : the Greifenstein nappe, which is the equivalent of the Main Flysch nappe (Schnabel, 1992) , is overlain by the Laab nappe in the south and the Kahlenberg nappe in the south-east (Prey, 1983) .
Methods
FT geochronology was performed on 21 zircon samples of Cenomanian to Eocene age of the RDFZ and the YKZ (Table 1) . FT dating on detrital zircons yields age spectra that give information about the thermotectonic evolution in the source area. The age spectra were decomposed into ®nite sets of age populations using the program Binom®t (Brandon, 1992) , which is based on the binomial peak-®tting method of Galbraith and Green (1990) .
Results
Modelling of zircon FT age spectra reveals several zircon FT age popula- (Gmach, 1999) and 0.7% Rr in the western RDFZ (Petschick, 1989) . The age cluster show some systematic change with stratigraphic age of the sediments but are otherwise uniform in all units except the Laab nappe. The youngest cluster becomes generally more recent with decreasing stratigraphic age, indicating exhumation of the source area. However, the trend is absent in the Laab nappe, which demands a dierent explanation.
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Cenomanian±Turonian (97±89 Ma)
Uniform zircon FT age populations of Early Cretaceous and Permian± Triassic age are characteristic for the Cenomanian±Turonian formations (Fig. 4a) , with two exceptions showing a Jurassic and no Cretaceous age cluster (sample AL14, YB3). The Early Cretaceous ages are a characteristic of the Austroalpine realm and re¯ect the cooling after Cretaceous Eoalpine metamorphism (Fig. 2a, b) . Thus, a southern catchment area is assumed for the Reiselsberg Formation, which is in line with palaeocurrent data (Mattern, 1998) . Samples AL4 and YB3 are possibly derived from those parts of the Austroalpine basement that experienced no or very weak Alpine overprint, such as the northwestern Silvretta and O È tztal basement ( Fig. 2a, b ; Neubauer et al., 1999; ThoÈ ni, 1999) . The Jurassic zircon FT age population is interpreted to re¯ect heating during rifting and opening of the Penninic ocean, which affected Austroalpine and SouthAlpine units (von Eynatten, 1996; Bertotti et al., 1999; Dunkl et al., 1999; Schuster et al., 1999; Vance, 1999) . The Permian±Triassic ages are related to the Permian±Triassic extensional phase in Europe (Ziegler, 1988) with enhanced heat¯ow resetting the zircon FT system (Bertotti et al., 1999; Schuster et al., 1999) . Therefore, these ages are not discriminative, but may indicate 2 both an Alpine and a European source.
Santonian±Campanian (87±74 Ma)
In contrast to continuous trends in the other nappes (samples OA3, WW4, WW7; Fig. 4b Prey, 1973; Schnabel, 1992; Oberhauser, 1995; Faupl, 1996 Table 1 Zircon ®ssion-track data and modelled age clusters using the computer program Binom®t (Brandon, 1992 7 ) . The ages were calculated using dosimeter glass CN-2 and a f-factor of 122.5 1.4. The f-value was calculated from 13 dierent age standards of Fish Canyon Tu, Buluk Member, and Tardree Rhyolite zircons irradiated during seven dierent reactor runs (Trautwein, 2000) at the nuclear reactor RISO in Roskilde, Denmark. The external-detector method (Gleadow, 1981) was used with low uranium mica as detector. Per zircon sample two mounts were prepared. The two mounts of WW7 and HAMfo4 were in dierent irradiations resulting in dierent q d therefore the two aliquots are mentioned separately (a and b). The majority of the zircon samples was etched using a KOH-NaOH eutectic liquid at 215°C (Gleadow et al., 1976) 
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Maastrichtian±early Palaeocene (74±61 Ma)
In Maastrichtian times, the source areas appear unchanged (Fig. 5a ). The zircons of the Greifenstein Formation suggest a slightly dierent history (Fig. 5b) . The FT age spectrum of sample WW1 is characterized by clusters around 60 and 250 Myr. The 60 Myr cluster contains colourless, euhedral to subhedral zircons. The short lag time between FT and sedimentation age suggests either a volcanic source or a fastly exhuming magmatic body. Similar zircon ages of » 58 Myr in early late Palaeocene bentonites of the Swiss Schlieren¯y-sch (Winkler et al., 1990) , and the euhedral shape of the crystals make a volcanic source most probable. Bentonite layers are also described in the Rhenodanubian¯ysch zone near Salzburg and in the Northern Calcareous Alps (Egger, 1995; Egger et al., 1996) . Winkler et al. (1985) suggested an origin of these ashes in a volcanic centre south of the Alpine orogen. It is assumed herein that the zircons derived from tuf®tic material in the source area (e.g. the Northern Calcareous Alps) or in the¯ysch basin itself. The Palaeocene and Eocene rocks of the Laab nappe show age spectra which lack the young peak (samples WW15, WW11; Fig. 5b ). They display age clusters > 220 Myr.
The southern margin of the BM was aected by enhanced heat¯ow during Permo-Triassic break-up of Pangaea and crustal thinning in this area. Thus, the increase of zircon FT ages with decreasing sedimentation age can, for instance, be explained by northward enlargement of the catchment area into regions that were unaected by Permian±Triassic heat¯ow. The BM experienced latest Cretaceous± Palaeogene uplift (Hejl et al., 1997) .
Discussion
Using the zircon FT data as provenance indicators, two depositional areas can be dierentiated, which are de®ned herein as Main Flysch and Laab realm. The Main Flysch realm is characterized by detritus from the Eoalpine orogen, which underwent Cretaceous cooling after metamorphism. The Laab realm, in contrast, did not receive any sediments re¯ecting the Eoalpine event; thus, we argue that their source is in the BM. These conclusions, based on geochronological data, contrast with current ideas (e.g. Faupl, 1996) , which assume three separate basins for the three dierent nappes in the Wienerwald area. The arguments for a subdivision into three basins are based mainly on palaeocurrent and heavy mineral data.
The Rhenodanubian¯ysch zone was involved in nappe stacking and late-collisional tectonic extrusion of the Eastern Alps (e.g. Ratschbacher et al., 1991) . Therefore, differential block rotations ± as in other parts of the Eastern Alps (e.g. MaÂ rton et al., 2000) ± may have obscured information about the original palaeocurrent pattern. The model of a long, narrow trough with dominantly longitudinal sedimentary transport (Hesse, 1972) is not in con¯ict with the present data. However, the assumption of an eastern and a western source area (Hesse, 1972) appears to be too schematic, as it is well known from¯ysch basins that radial supply is turned into longitudinal transport in the trough (Ricci Lucchi, 1985) . Sedimentological investigations of Mattern (1998) indicate that a number of turbidite fan systems of the Reiselsberg Formation were supplied from a southern source.
Lithological similarities of the Reiselsberg Formation in the Main Flysch nappe and the Kahlenberg nappe (Egger, 1990) support the assumption of a continuous basin. Furthermore, Faupl (1996) found good correspondence of the Kahlenberg Formation (Kahlenberg nappe) and the Zementmergel Formation (Main Flysch/Greifenstein nappe). It is therefore assumed herein that the Kahlenberg nappe is derived from the southern part of the Main Flysch trough. Similar correlations with the YKZ suggest continuity with the Kahlenberg nappe (Decker, 1990; Egger, 1990; Schnabel, 1992) .
The Laab realm is restricted to the Wienerwald area. According to the generally old zircon FT age populations (³ Jurassic), a stable source area, which was not aected by Eoalpine metamorphism, supplied the Laab basin over a period of 30 Myr. A source area in the active Alpine orogen can be excluded, because the parts with very low-grade Eoalpine overprint (Silvretta, Fig. 1) were too far away. The Laab basin is therefore placed north of the Main Flysch basin. Sediment supply came from a northern source area. Undeformed coali®ed plant detritus, which is similar to Permian±Carboniferous coals in the BM (Boskowitzer trough, Permian of ZoÈ bing; Sachsenhofer, pers. comm.), supports these conclusions.
Conclusions
Two palaeogeographic settings, which ®t the geochronological data, are conceivable for the eastern RDFZ.
1 Because the Laab realm did not receive detritus re¯ecting the Eoalpine orogeny, the two realms were separated by a basement high (Fig. 6a) , called the Rhenodanubian high by Oberhauser (1995) , who ®rst described such a basin con®guration. The question arises: is this basement high represented by the Tauern terrane in Middle Penninic position? (Frisch, 1979) .
2 A basement high is not necessary to explain the existing geochronological dataset. A single basin is conceivable, if the sediments of the Laab nappe were deposited at the European margin in less deep water than those of the Main Flysch nappe (Fig. 6b) . A sediment transfer from the Laab to the Main Flysch sedimentation area was therefore possible, but not vice versa.
The exact position of the Rhenodanubian¯ysch zone within the Penninic realm is still under discussion (e.g. Frisch, 1979; Egger, 1992; Oberhauser, 1995) . Integrating former ideas and the zircon data presented herein, four palaeogeographic con®g-urations are possible:
1 The Laab realm belongs to the North Penninic basin and is separated from the Main Flysch realm, which is part of the South Penninic ocean (cf. Oberhauser, 1995) , by the Tauern terrane (e.g. Frisch, 1979) (Fig. 6d) . The North and South Penninic basins have evolved in Jurassic to Cretaceous times (Frisch, 1979) .
2 The Rhenodanubian¯ysch was deposited entirely in the North Penninic realm (Frisch, 1979) , and sedimentary supply of zircons from the Austroalpine zone into the Main Flysch realm occurred through channel ways east and west of the Tauern terrane (Fig. 6e) .
3 The South Penninic realm was closed earlier and the North Penninic basin directly received sediments from the Austroalpine units from the Cenomanian on (Fig. 6c) .
4 The subdivision in a North and South Penninic basin did not exist in the eastern Alpine area (e.g. Hawkesworth et al., 1975; Polino et al., 1990) , and the Rhenodanubian¯ysch was deposited in a single basin (Fig. 6b) .
According to the data presented herein, possibility (4) is preferred, because this basin con®guration enables accretion of the Rhenodanubian¯ysch Fig. 4 Arrangement of the source terrains of the Rhenodanubian¯ysch zone and the Ybbsitz klippen zone in Cenomanian to Campanian times. Plots show the single zircon ®ssion-track grain ages in a histogram and the probability density curve (Hurford et al., 1984) for the different formations. The white bar indicates the sedimentation age of each sample. TT, Tauern terrane. Fig. 4. ........................................................................................................................................................ ..... before Maastrichtian times (Trautwein et al., 2000a) and grain supply from the BM into the Main Flysch basin.
